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Optical products can be prepared from high index of refraction materials,

including monomers such as high index of refraction (meth)acrylate monomers,
halogenated monomers, and other such high index of refraction monomers that are
known in the optical product art. See, e.g., United States Patent Nos. 4,568,445,

20 4,721,377, 4,812,032, and 5,424,339. The monomers can be cured or polymerized
to take the form of a product capable of modifying or controlling the flow of light.
In the particular structure of a microreplicated optical product, the monomers can
be polymerized into a brightness enhancement film having a micro-fine prismatic
pattern. See United States Patent Nos. 5,'175,030 and 5,183,597. Brightness

25  enhancement films (BEFs) are very useful in many of today’s electronic products to
increase the brightness of backlit flat panel displays such as liquid crystal displays
(LCDs), electroluminescent panels, laptop computer displays, word processors,
desktop monitors, televisions, videocameras, and automotive and avionic displays,
among others.

30 One important property of an optical material is its index of refraction,

because index of refraction is related to how effectively an optical material can



because index of refraction is related to how effectively an optical
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15 improved levels of brightness gain, with even very small, seemingly incremental

improvements being quite significant.

SUMMARY OF THE INVENTION
The present invention provides high index of refraction optical products

20  comprising a base and an optical layer. The optical layer can be derived from a
polymerizable composition comprising a high index of refraction, alkyl-substituted
brominated phenolic ester (meth)acrylate monomer. In a preferred embodiment, the
optical product can comprise a microstructure-bearing brightness enhancement film.
The optical product can be placed in a backlit flat panel display to increase the

25  brightness of the display, reduce power consumption, and lower heat load placed on
the electrode, extending useful life of the product.

An aspect of the present invention relates to an optical product constructed
of a base and an optical layer. The optical layer is prepared from ingredients
inciuding a brominated, alkyl-substituted phenolic ester (meth)acrylate monomer.

30 A further aspect of the invention relates to the above-described optical

product, wherein the optical layer comprises a micro-structure bearing layer.
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An aspect of the present invention relates to an optical product
constructed of a base and an optical layer. The optical |ayerpdgusyrassssed
fromi ngre‘Hpe"ﬁ{stqsncl uding a brom nated, alkyl-substituted phenolic ester
(meth)acryl ate nmononer. 30 A further aspect of the invention

relates to the above-described optical product, \/\hereie&‘tcﬂe I?fgtical | ayer
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refers to a nonomer’ on scale, and also refers 15

col l ectivejyy to a conposiThedfivention also providesbakiinfla panelrdisplaysiincleding e such
that the conposition can be described as having a_ physical state, of. matter

(e.g., liquid, liguticaystaddisplaya (iCBs) eommpuising Bisbrarticles and computerss teleyisiiiing |
or nt - % usoB iR PLdseh o R EE RSB C o7e T the 20 1 emper at ure
at whi ch the nononmerasaed Ssthin & presedt debctiption:| i qui d state, as -
“Monomer” refers to a2 monomer on an individual scale, and also refers
15  collectively to a composition of such monomers on a macroscopic scale such that
the composition can be described as having a physical state of matter (e.g., liquid,
solid, etc.) and physical properties (e.g., melting point, viscosity, glass transition
temperature, and/or refractive index).
“Melting point,” as used with respect to the monomer, refers to the
20  temperature at which the monomer passes from a solid to a liquid state, as
measured at atmospheric pressure. Melting point can be measured, for example,
using a Thomas-Hoover Melting Point Apparatus, available from the Thomas
Scientific of Swedesboro NJ.
“Index of refraction,” or “refractive index,” refers to the absolute refractive
25  index of a material (e.g., 2 monomer) which is understood to be the ratio of the
speed of electromagnetic radiation in free space to the speed of the radiation in that
material, with the radiation being sodium yellow light at a wavelength of about
589.3 nm. Index of refraction can be measured using an Abbe refractometer,
available commercially, for example, from Fisher Instruments of Pittsburgh PA.

30 “(Meth)acrylate” refers to both acrylate and methacrylate compounds.



measured at atnospheric pressure. Melting point can be neasured, for ‘
exanpl e, using a Thomas- Hoover Melting Point Apparatus, available fromthe
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described i # the present speC|f|cat|on I ncl uding one or nore of the
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5 BRI EF DESCRI PTI ON OF THEDRAW- ot - yecttrve view of an
illustrative micros ng%quealgeﬁpeaﬁze%w efhn nm@éatwe mfcrésifichire beiving
invention. Figure 1 is not to scale and is intended to be nerel
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i nvention describes a ti.ca ci.constructed of a base |ayer and an
optical |ayer. b?l%“ﬁ‘é(@@”?’éﬁ}‘é‘?"&ﬁ‘ﬁ’"g@“ﬂ 8a nature and conposition suitable

for use injgn optical product; i.e., a product designed to control the flow
of .
DETAILED DESCRIPTION

The present invention describes an optical product constructed of a base
layer and an optical layer. The base layer can be of a nature and composition
suitable for use in an optical product; i.e., a product designed to control the flow of

15 ‘light. Almost any material can be used as the base material as long as the material is
sufficiently optically clear and is of structural strengih to be assembled into and used
as or within a particular optical product. Preferably, a base material can be chosen
to have sufficient resistance to temperature and aging that performance of the
optical product is not unduly compromised over time.

20 - The particular chemical composition and thickness of the base material for
any optical product can depend on factors such as the requirements of the optical
product that is being constructed, e.g., balancing the needs for strength, clarity,
temperature resistance, surface energy, ability to adhere to the optical layer or
another layer, etc. Useful base materials include cellulose acetate butyrate, cellulose

25  acetate propionate, polyether sulfone, polymethyl methacrylate, polyurethane,
polyester, polyvinyl chloride, syndiotactic polystyrene, polyethylene naphthalate
(PEN), copolymers or blends based on naphthalene dicarboxylic acids (coPEN), and
glass. Optionally, the base may contain mixtures or combinations of these
materials; for example the base may be multi-layered, or may contain a dispersed

30 phase suspended or dispersed in a continuous phase.



15 [light,. Alnpst any material can be used as the base material as |long as
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films or subst dRteftinuens phdie\disperied ifa edritintiols fln) GucH addioplets bfligtef ul  as
pol arizing material s. . . )
modulating liquid crystals dispersed within a continuous film; and by preparing a

15  film from microfine layers of different materials. The polarizing material within the
film can be aligned into a polarizing orientation, e.g., by methods such as stretching
the film, the application of electric or magnetic fields, coating techniques, etc.

Examples of polarizing films include the polarizer films described in
Assignee’s copending United States Patent Application, having Attorney Docket

20 Number 52008USAG6A and Application Serial No. 08/610,092, and Assignee’s
copending United States Patent Application having Attorney Docket Number
52319USA7A and Application Serial Number 08/610,109, each filed on February
29, 1996. The use of these polarizer films in combination with a brightness
enhancement film has been described in Applicants’ copending United States Patent

25  Application Number 08/807,262, having Attorney Docket Number 52008USA2C,
filed on February 28, 1997. _

A second example of a polarizing film that can be used as a base are those
films described in Applicants’ copending United States Patent Application Number
08/402,041, having Attorney Docket Number 49837USAI1C, filed on March 10,

30 1995. One example of such films that are available commercially are those

multilayer films sold under the trade designation DBEF (Dual Brightness

-5-



10 Polarization of light through a filmcan be acconplished, for exanple,
by the inclusion of dichroic polarizers in a filmmterial which - ’
sel ectively absorbs passing light; by the inclusion of inorganic materjals
such as al i"YR&&SIEa chi ps; a di scontinuous phase dispersed iHFAURBABRUous
film such as droplets of light nodulating liquid crystals dispersed within
a continuous film and by preparing a 15 filmfrommcrofine |ayers of
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Docket 20 Nu ri34402524%) RiGAG A ttomkyADpdkiet Nuimber 428318RISASC, fibkl éri Mad&h?10,and
Assi gnee's copending United States Patent Application having Attorney

- Docket Nunbér 59939USA7A and Application Serial Nunmber 08/610,109, each
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Att orney Docket Number 52008USA2 filed on February 28, 1997. A second
exanpl e of a pcianmalsgibeqiseful as thebasecfon thecopticalpraducs obthednyentionh dsshort kists

described in Appli,cants', copendi I.ted, Stat es, Paj ent, Appli cat L.on Nunber
08/ 402, 041, ha ﬁ&@?ﬁ%ﬁé@%ﬂ%@%ﬁ@%@?d@%@gﬁ sc t‘%"'l"éﬁ“&ﬁe‘i/ﬁ%&ﬁ 10, 30
1995. One qpanpaert Nuthtiehs 5612820 Aad 586,939 Wsh e MRrchO 1987, Ghitnothers. t hose
mul tilayer filns sold under’ the trade designati on DBEF (Dual Brightness -5-

Enhancenent Film, fOueotmersof ttesurfaces of thebasefim camaptiGhallybscpruhedsor h

mul tilayer polarizi optical .filmin a hrightnes nhancenment fil m has
been descri bed tf%t%‘glﬂrgﬁ‘ﬁf%adhéﬂﬁ’éHha\"rgj’pﬁﬁ?l ¥ET Q gésql’at ent Application

Nurrber The thickness of a particular base can also depend on the above-described
requirements of the optical product. A thickness in the range from about 0.025

15  millimeters (mm) to 0.5 millimeters can be preferred, with a thickness in the range
from about 0.075 millimeters to 0.175 millimeters being especially preferred.

The optical layer typically directly contacts the base layer, and can be of a
size, shape, and thickness allowing the optical layer to direct or concentrate the
flow of light. Thus, the optical layer can be a flat film, or the optical layer can bear

20  astructured or microstructured surface that may be of any of a number of useful
patterns, e.g., of a regular or irregular prismatic nature; of an annular prismatic
nature, in the form of a cube-corner pattern; or any other lenticular microstructure.
One preferred microstructure is a regular prismatic pattern that can act as a totally
internal reflecting film for use as a brightness enhancement film.

25 The optical layer is prepared from a polymerizable composition comprising
an alkyl-substituted brominated phenolic ester (meth)acrylate monomer. As used
within the present description the term “polymerizable” refers to a chemicat
molecule such as a monomer or oligomer, etc., or, to a chemical composition, the
molecule or composition being capable of curing, i.e., polymerizing or

30  copolymerizing, for example, via unsaturated moieties, to produce a higher

molecular weight material such as a polymer, prepolymer, or polymeric material.
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08/ 402, 349, having Attorney Docket Nunmber 49838USA8C, filed on March 10, 5
1995. Thi‘s list of base materials is not exclusive, and as will be

appr eci at edwomsishgsse skilled in the optical products art, ot h®CTAHHII8EI ng
and non-polarizing.films can al so be useful as the base for the optical -
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phenol i c ester YRicahpradpch husqtha&reminared Mosemey ¢an; preferably havscanelatively
d i ption they " Ny " hef t ' | h
o hononer or o gt fex BRLATEGE Y U1 S0 flcke eRrdhil B0 1BR 1755, BN 2T %0,

conposi tion beipreferatitphhve Dfelativelyl@w melting poitd. YPRInples\6f Bfondflated Monomers
copol ynerizing, for exanple, via unsaturated noieties, to produce_a higher

nol ecul ar W&i gHisefid irepraguciog the optical prodyets of therpsesent imventiasy argslesaribed in

material. -6-

Assignee’s copending patent applications: “High Index of Refraction Monomers,”
having Attorney Docket Number 53247USA9A, and “Chemical Composition and
Polymers and Polymeric Material Derived Therefrom,” having Attorney Docket
Number 53386USASA, filed on even date herewith. These Brominated Monomers

20  can have the general formula:
Pe
o)

(0]

Brg A
(1.
In formula 1, R can be hydrogen (-H) or methyl (-CH;), R* can be a straight or
branched alkyl, and x can be in the range from about 1 to 4, with the combination of
these chosen variables preferably being chosen such that the Brominated Monomer
25  has an index of refraction of at least 1.50. Most preferably R* can be a straight or
branched alkyl having from about 1 to 18 carbon atoms. R* and each Br can be

positioned either ortho meta, or para to the ester.
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The terns "polyner," "polynerized material,” and "polyneric material" are
used mterchanqgeabl y torefer to materials prepared fromthe #J Q863
(i.e., pol WRP¥508083 on or cure) of one or nore unsaturated mat qs8e3,
one or nore nononer, oligomer, polyner, or prepolyner, etc., and refers to,
e.g., diners, triners, 5 oligoners, prepolyner ol ymers, honopol yners,
etc. The al kyl - subs#i partieulatly prefereadea] asrqfﬁaomamwgnqmmamswcamnmaoner

ononer (<)) cahSrgmAEE aaeRon sipafred WHp an allot SR BpsiaRorhahe e Bhet o

pol yneri zabl e W{I on cont ai ning such Brom nated Mononer to be

processed (e.g., blended, 10 punped, or otherw se handled prior to

pol ymeri zation) at or near roomtenperaturege.g., in the range from about

20 to 25[err]) to produce a high index of re gﬁction optical product. Thus,

t he Brom nated Mnoner can preferably ha rel atively high index of

refraction, e.g., 1.50 or nore, preferab a0l east 1.55, and can

pref erably have a relativel y | ow meRty ngpoi nt Exanpl es of Bron nated

Mononers 15 useful in producing the -r pr oducts of the present

invention are described in Assignee's TTfxpat ent applications: "High

I ndex of Refraction Mononers," having 2 ney Dct?#@t Number 53247USA9A,

and "Chem cal Conposition and Pol yners and Pol ynef{’c Material Derived

Ther ef rom "s hawhe@inR tand keite Bofitedtabbvemd K238 66/aipdlkyif sufftertio provitiectat €

herewi th. These Brom nated Monomers 20  can_have the general _formul a:

[err] (1). In Bemipated Morpmerhayingandndeyeef r@ﬁpgth»rofraéimq 1L.50clgerr]),

Rl err] can be from
ﬁ}r? Eul?{hg B%e(ggr%eéjé &Br%g?f%ﬁeis m !%%F n?egba?'@lotcgt%d ?ﬁggﬂ y

about 1 to 4, |na on o] se ’n var es preferab

bei ng chosen suh6 pbsitiohd'én ﬁremmaﬁ@ﬁn@,/tmmw %}'ira to'the ester subdetaend

refraction of at least 1.50. Most preferably R err] can be a straight or
Pe
0~ "o
R! Br
Br

().

10  Particular monomers according to formula 3 include 4,6-dibromo-2-alkyl phenolic
ester (meth)acrylates. Preferred of these are monomers wherein the alkyl (R') has
from 3 to 4 carbons, such as the following:

4,6-dibromo-2-sec-butyl phenyl (meth)acrylate:

Br G.1);

15  4,6-dibromo-2-tert-butyl phenyl (meth)acrylate:




branched al kyl having fromabout 1 to 18 carbon atons. Rl err] and each Br
can be poesitioned either ortho neta, or para to the ester. -7- A

parti cul arg'y NSk6s red class of Brominated Monomer are those pONDSYHiS8E an
aromatic p r(t'lon Substituted with an al kyl at the position ortho to the
ester substituent: [err] (2), 5 wherein R and x are defined above, and

Rl err] can be any al kyl sufficient to provide a Brom nated Mononer having
an index of refraction of at least 1.50. In particularly preferred
enbodi nent of this nonomer, brom nes are | ocat at the 4 and 6 positions
on the aromatic ring, ortho and para to ter substituent: [err] [err]
(3). 10 Particul ar nononers according tjo fofnula 3 include

4, 6-di brono- 2- al kyl phenolic ester rates. Preferred of these are
nononers wherein the alkyl (R err] 3 to 4 carbons, such as the
foll ow ng: 4, 6-di bronb-2-sec-butyl th)acrylate: Br (3.1); 15

4, 6-di bronp-2-tert-butyl phenyl (neth)ac ate: -8-

(3.2);
and, 4,6-dibromo-2-isopropyl phenyl (meth)acrylate:

T

(3.3).
A second particularly preferred class of brominated monomer comprises an

5  aromatic portion substituted with an alkyl group at the position para to the ester

A

(0

substituent:

Bry
K 4).
In Figure 4, R and x are as defined with reference to Figure 1, and R? s a straight or
branched alkyl. Preferably, R? can be an alkyl group having from about 1 to 18
10  carbon atoms, more preferably from about 1 to 12 carbon atoms. Also preferably,
the monomer can have at least two bromines attached directly to the aromatic ring.
In a particularly preferred embodiment of this monomer, bromines are located at the

2 and 6 positions on the aromatic ring, each being ortho to the ester substituent:



S T A

[err] O [err] [err] (3.2); and, 4,6-dibrono-2-isopropyl phenyl
(meth)acrylate: [err] Br (3.3). A second particularly preferred class of
brom nat edwgsdasBss conpri ses an 5 aromatic portion substitut @BOTMSIT15863
al kyl group at the position para to the ester substituent: [err]R [err] )
(4).. In Figure 4, Rand x are as defined with reference to Figure 1, and
Rlerr] is a straight or branched al kyl. Prefgrably, R err] can be an al kyl
group having fromabout 1 to 18 10 carbon a , hore preferably from

about 1 to 12 carbon atons. Al so preferabl t nononer can have at | east
two bromines attached directly to the ardpati'@ ring. In a particularly
preferred enbodi nent of this rmnomegr brofni nesgare |ocated at the 2 and 6
positions on the aromatic ring, each Dbei »fho to the ester substituent:
-9- [err] [err] Br [err] (5). One cularly preferred

par a- substituted al kyl group is nonyl, '§

()
One particularly preferred para-substituted alkyl group is nonyl, giving
dibrominated-4-nonyl phenyl (meth)acrylate monomers, such as 2,6-dibromo-4-

nonyl phenyl (meth)acrylate:

Br Br

H
s P e,

Another particularly preferred para-substituted alkyl group is dodecyl, giving

dibrominated-4-dodecyl phenyl (meth)acrylate monomers, such as 2,6-dibromo-4-

A

dodecyl phenyl (meth)acrylate:

0
Br Br
12H2s
. .
10 The Brominated Monomers can be prepared by any method generally useful

in preparing brominated phenolic compounds, and in particular alkyl-subsﬁtuted
brominated phenolic ester (meth)acrylates. Such methods are well known in the
chemical art. By one particular method, an alkyl-substituted phenol is brominated

to produce a brominated alkylphenol. Alkylphenols are commercially available,

-10-



di br om nat ed- 4- nonyl phenyl (meth)acryl ate nononers, such as 2, 6-di brono-4-
nonyl phényl (meth)acrylate: [err] [err] Br [err] 5

[err] (6)woedbdper particularly preferred para-substituted ptkysogissep i s
dodecyl, giving di brom nat ed-4-dodecyl phenyl (neth)acrylate nononers, such
as 2, 6-di brono-4- dodecyl phenyl (neth)acrylate: [err] [err] Br [err]Br
[err] (7). 10 T ' R pr : a0y

met hod gener al la;/nol? e?‘tBTr #ﬁrﬁﬁ’?&‘??ﬁggbr on? @%@gﬁ%ﬁh&%ﬁ,éﬁ\%@ﬁﬁ%ﬁﬂﬂand in
particul ar al kySchendztady; NiYe dSuvhaikylaubstityted phériols eamiber bromindi¢diby settiods .
Such net hods arﬁ wel | knogn In the chem_.cal art, By one particular method,

an al kyl - subst ithaftaze genesally knoymiin dhe chemical ug, pacdhergdescribedofar exemple, in the

al kyl phenol . Algewl | ' ' I - 10- er
sour cos. 1 om SSHRAERE EndkPpeRTER CHERtcl TRMALIRY fotumt, 503 (FT80 4582)
Schenect adys NWAn &aeiplebRtichaprotdsh withtrespeen® £ sritiv-Rebskned alkyEsheRyl is as
nmet hods that are _generally known in the chemcal art, and are descri bed,

for exanple, i AOMOMES K] r k- Ot hmer Encycl opedi a of Chemical Technol ogy, vol une
4, 543 (4[err] ed. 1992). 5 An exanpl e of such a process with respect to
an ortho-substituted al kyl phenol i@Has foll ows: H OH

.

Br

The brominated alkylphenol can be esterified to produce an alkyl-substituted
brominated phenolic ester '(meth)acrylate, by reaction with an appropriate acid

10  chloride. The reaction between an alcohol and an acid chloride is well known in the
chemical art, and is described, for example, in the Kirk-Othmer, Encyclopedia of
Chemical Technology, volume 9, 769 (4™ ed. 1992); see also United States Patent
No. 3,845,102. Inhibitors, such as phenothiazine or 4-methoxyphenol (MEHQ),
can be used in such an amount to provide protection from pre-polymerization of the

15 monomer during its synthesis and storage, while not excessively influencing the
subsequent polymerization. With respect to the monomer of the present invention,

a brominated alkylphenol can be reacted with a (meth)acryloyl chloride as shown:

De
OH O

R Br R! Br
(nmeth)acryloyl
c e

Br Br

The Brominated Monomer can be used alone or in combination with one or
20  more comonomers or high index of refraction comonomer(s) to prepare a

polymerizable composition that can be processed to form a useful optical product.

-11-



[err] Br The broninated al kyl phenol can be esterified to produce an ‘
al kyl -substituted brom nated phenolic ester (meth)acrylate, by reaction 4
with an apgi@pdiaogbs acid 10 chloride. The reaction between grngdesakss and
an acid chloride 1s well known in the chem cal art, and is described, for.

exanple, in the Kirk-OQ hmer, Encycl opedia of Chem cal Technol ogy, vol une 9,

rﬁﬁu E)ﬂg;;] gﬂcﬁ‘lgg&ﬁenot hﬁg%ﬁ:ﬁgﬂéﬁ Q‘gnéﬁeg%fgﬁé%%ﬁ Mﬁi ﬁns’éd in

such an anount b@nibh%léma&hﬁl | MBnémer ol m%&naobwfﬁélyﬁéi lc@pol?fnefi‘ﬁndﬁ

nmononer during its synthesis an stora e, Il e not excessive i nfl uenci ng

t he subsequent Pplymens etceapable, whmpuee@m@t‘ thedbrominatesiroaromert of beingr esent
vention, a bregtiat e oLkdl Pheole SRS ol bl oSl AR Y 6Y
[err] [err]s various examples below thﬁhoi@@xﬂagﬁr@@hﬂ@f‘ﬂﬁ WR{RRR réfdttidR used

al one or in conbination wth one or nore conononers or high index of
refracti on conmoomoromer) canozagr gpmlse Breﬁem‘e;zlringh indént ef refraption ¢comondrhers hawn be

rocessed to form roduct For purposes of this

gescrl ption, H’dlgmi %"“P&*%@F?%ﬁb%rhm)ner r ef grspt o any pol yneri zabl e
terial : , ners,

material (e 9 mnmgpg@ggggﬁ&{n coﬁﬂéﬁg n?l 9F4 nu Jﬁﬁ’é}%fm{vﬁ aﬁﬁ%s@fﬁi y

etc.) capable, in the nat ed nonomer berl ng

pol yneri zed tOpplynﬂuzﬂalaumafruﬂedmmleth e.gJ, oihyL; (methjacnylhie, Deviapp atrgli¢ adid,
l'ight of t vari ous, exanpl es bel ow, the nol ecul ar weight of a high
i ndex of r raEleF}BﬁfYé‘Gr?ﬁﬂoﬂlgfl aceylarpidey acaylenitrile, eter The pemanemehcanheanons-

refraction comBpARRIrndibAE Ath HAPE 16 the ElshidfbPMoRly, Fhalis about 1. 50.

multifunctional, the unsaturated moieties need not be of identical chemistry.

One class of comonomer found to be useful in the polymerizable
composition is the class of (meth)acrylate-functional monomers, preferably those
15  having an index of refraction of at least about 1.50. Such (meth)acrylate functional

comonomers can have a structure within the general formula:

0—9:—(12=CH2

R Y ®).

In formula 8, R can be hydrogen (-H) or methyl (-CH;), y is preferably from about 1
to 6, and R® can be of any chemical structure that allows polymerization of the

20  comonomer via the unsaturated moiety or moieties, and preferably provides a
comonomer having an index of refraction of at least 1.50.' Preferably, to achieve a
sufficiently high index of refraction, R? can include one or more chemical moiety
known in the optical product art to provide high optical activity, such as an
aromatic moiety, cyclohexyl, a halogen such as chlorine, bromine, or iodine, or a

25  sulfur-containing group. Further, however, the R® group can comprise one or more
other chemical moieties or structures, for examﬁle oxyalkylene, urethane, epoxy,
alkyl, allyl, etc., any of which can be straight, branched, cyclic, or unsaturated.

Examples of specific useful (meth)acrylate-functional comonomers include a

number of mono-, and multi-functional (meth)acrylate monomers, including hexa-

-12-



The conononer can conprise any of a nunber of known and usef ul

pol yneri zabl e unsaturated noieties, e.g., vinyl, (neth)acrylate, N-vinyl,
acrylic acid, 10 net hacrylic acid, allyl, acrylam de, acrylonitrile, etc.
The conondY@P8/808AS be nono- or nultifunctional with respect tBCT/H897/15863
unsaturated noiety, and where nultifunctional, the unsaturated noieties
need not be of identical chemstry. One class of conpbnoner found to be

useful in the fanttiohal antitic ve@hBRSdcHYIae olifoibeavallatis fiom UCB Radcure Inc.,
(meth)acryl ate-functional nononers, preferably those 15 havi ng an i ndex

of refracti on Widegthe designationolB 22052-phenmyethyleachylaterspldaunder thecnamenal

| t hi h l, f |, a: 8). |
Formuia s, R CivaBefadisHbIELTob, Qehnfe PACRoneRy ehiStoat Slisd: e,
from about 1 t&rﬁate%lﬂo?l%ﬂ bispRéhdP A dltmétﬂ%acﬁ}l‘ﬁér;‘ 4 ol?hfdé?é $Hch ab Ribidifidd Ovs

pol yneri zation of the 2 conbnoner via theunsaturated noiety or
noi eti es, &nd gposy acytite, avaitableifrem:Sartomen ander thatradeydesignatidesCHI 208f50act i on

of at least 1.5Q.Preferably, to hi eve suffigiently high i ndex of
refraction, R[aé’ar(fNifgL Wﬁ?’&niﬁ?ﬁe (ﬁﬁF@a‘d';’:’é?ﬁ"g‘&F“% ERRORIBAS 2rsQthe
optical produ e hi: | Y : matic
noi ety, cycl o%gﬂ'{,atéza@ hlgP%}S%%’ %@@%@%ﬁ?@%ﬁﬁ%&ﬁ’%ﬂ”ﬁ?ﬁ% gVlﬁlc()’glglﬁe,h%or a 25
sul f ur - cont ai rpresgnyinveption-comprise thdabuyeddentifiod biinsinatked gionomes pandcfarther se

one or nore other chenical nojeties or structures, for exanpl e oxyal kyl ene,
ur et hane, epo)SPMPEISg ¢|brominaied argmatic 8&‘?{5)36?)"% Femonemer, Examplesypfisuch
branched, 1gycld : : t : - 1§ . :

(ot by acr o at Sopm@Fialp ShHbR otk nlsbPGPtef3eiin SRR Hsle G HSs inchude,

mul ti -functi orftabminaesdgronatit aonoflersonich as Zi(ﬂ,ﬂlﬂlﬁibﬂ&nbgﬁﬁyl = [Léthano! acrylic
functional aromatic_urethane acrylate oli gorrer avai l abl e from UCB Radcure

Inc., under t Kk&tehespldiaeBRoH EGAS #B347>19139 by Bailchy Kogyoe Peivaka Col of lapawr t he

nane and brominated epoxy diacrylate, manufactured by UCB Chemicals Corporation,

Radcure, in Smyrna, Georgia, under the designation RDX 51027. Still other
15  brominated monomers that can be useful include tribromo phenyl acrylate,
tetrabromobisphenol A diacrylate, ethoxylated tetrabromobisphenol A diacrylate,
penfabromophenylacrylate, and tetrabromo xylyl diacrylate
Another preferred high index of refraction comonomer is methyl styrene,
having the formula: |
20

CH;
9).
Methyl styrene exists and is useful in the polymerizable composition in any of
various isomeric forms, including the ortho-, meta- and para- isomers. Methyl
styrene is commercially available as a mixture of one or more of these isomers. For
25  example, methyl styrene can be used and is commercially available in ratios of
80:20, 70:30, 60:40, 55:45, and 5:95 (meta:para):

-13-
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Phot omer 4035 by Henkel Corp., of Anbler PA; cycl ohexyl chloroacryl ate;
benzyl acryl ate; ethoxyl ated bi sphenol A di(nmeth)acrylate; and ol igoners
such as nodvébioggesos epoxy acrylate, avail able from Sartoner RECKIESINIS863
trade designations CN120OWb0 and CN13 1, anong others. These

(meth)acryl ate-functional conononers are not brom nated. However,
particularly preferred pol ynerizabl e conpgsitions of the present invention
conprise the above-identified brom nated¢nmononer, and further conprise a
brom nated aromatic (neth)acrylate conmonpner. Exanples of such 10
commercially avail abl e high index of reg#fection brom nated nononers include
brom nated aromati c nononers such as 2 , 6-tribronophenyl) - 1-et hanol
acrylic ester, sold as BR-3 1 (CAS “V <5) by Dai-lchi Kogyo Seiyaka
Co. of Japan, and brom nated epoxy di acry (1®anuf act ured by UCB

Chem cal s Corporation, Radcure, in Snyrna, Ceorgia, under the designation
RDX 51027. Still other 15 brom nated nongfrers that can be useful include
tribrono phenyl acrylate, tetrabronobi sphgnol A diacryl ate, ethoxyl ated

t et r abr onobi sphenol A diacryl ate, pentabrQpuophenyl acryl ate, and tetrabrono
xylyl diacrylate Another preferred hig r‘“ of refraction conmononer is
nmet hyl styrene, having the fornula: 20 & CHerr] (9). Mthyl
styrene exists and is useful in the pol yseril zabl e conposition in any of
various isoneric fornms, including the ortho- 13t a- and para- isomers.

Met hyl styrene is commercially avail able as g i Xxture of one or nore of
these isomers. Methyldeyren®isaoRinforcialy Hallatié FofiPlosmeRPolimd &aDdjacs

comercially available in ratios of 80:20, 70:30, 60:40, 55:45, and 5:95
(neta:para): - 1aboratory in Feasterville, PA. Alternatively, methyl styrene can be prepared by

5 methods known in the chemical art; see the Encyclopedia of Polymer Science and
Engineering, volume 16, p. 13, (2nd ed. 1985).

The particular Brominated Monomer and the particular high index of
refraction comonomer or comonomers included in any given polymerizable
composition, their molecular weight or molecular weights, and the amounts of each

10 can be chosen according to factors such as the desired nature and properties of the
polymerizable composition, and the desired properties of the optical product to be
prepared therefrom (e.g., index of refraction, glass transition temperature, melting
point, viscosity, etc.). |

The amount of the Brominated Monomer present in the polymerizable

15 composition can be any amount that will allow the production of an optical product
having desired optical and mechanical properties. For example, while amounts
outside of this range can also be useful, it can be preferred to use from about 5 to
50 parts by weight, more preferably from about 25 to 40 parts by weight of the
brominated monomer, based on 100 parts by weight polymerizable composition.

20 Comonomer, e.g., high index of refraction comonomer, can also be present
in the polymerizable composition in any useful amount. For instance, comonomer
can be present in an amount in the range from about 50 to 95 parts by weight, more
preferably from about 60 to 75 parts by weight based on 100 parts polymerizable

composition.

-14-
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(10), (1 1). Methyl styrene is commercially available from I\/bn‘érrér- Pol ymer 4

& Daj ac Laboratory in Feasterville, PA. Alternatively, nmethyl styrene can
be prepar etvdys/50805 et hods known in the chemcal art; see thepEwasotnssssli a
of Polymer Science and Engi neering, volunme 16, p. 13, (2nd ed. 1985). The
par ti cul ar Brom nated Mononmer and the particular high index of refraction

COMDNONET Of  CONDNOTHE SoinBfbiHEtedhl donilitite Gt Bf a RS HRER 88 bfie 6PHRRS! L1 0N,

their mol ecul ar weight or nolecular weights, an e anounts of each
can be chosen camenamergrthigh indexofrefractiomeomomomiers iFoe instaice;) the zothonomer

properties of the polynerizable.conposition,. and the desireg properties of
the opti cal prEPRROERISE Banifrs Gf 6B€ PrEIOEF (Bsthiastipte manaers fincluding anangn,
gl ass transitigy 4Shps 116y, PN ' | -G s mount
of the Brom nated ano@rcugﬁaelsﬂ&llﬁéggt %%%drﬁgﬁéggﬁ éngﬁgec%“r?ﬁgEigf’ ?on can
be any anmpént mbdurefuttherdhtloding neethyl stiweie moncrhera6r,abé combninedesdt havi ng
desired optical and nechanjcal_ propertjes._ For exanple, while anounts

out si de of t hi CTMRIHGSIAem0ltne aboye-deseribed mixtures fiarther inchiding ariaxomatise from

b 5 50 ' | 40 b
e aht "ot *t e Qb Bt e [0 0BG SAN AR R p s ot i >
pol yner i zabl e parioslaily preferséll embodimentCoHEPSIfRERzaBledcompYsitibn dMmprises from

refraction compnoner, can also be present in the polynerizable conposition
in any useful 2boBtiA% to #6 parts by aveight of theoBraminated Manomer cfemtabont Sit0 Afount

Do 8 AP 5B R B oSh
conposi tion. -dffone or aldtbiRARIAVTRFoRAL GRSTRYabSMat® BEmBhomesOSIRINRL | on of one
or mere optionally and preferably, one or more aromatic brominated (meth)acrylate
comonomers.
As stated above, the composition of the invention is polymerizable.

15 Polymerization can be accomplished by usual means, such as by heating in the
presence of a free-radical initiator, irradiation with electromagnetic radiation such as
ultraviolet or visible light in the presence of suitable photoinitiators, and by electron
beam. For reasons of convenience and production speed, the preferred method of
polymerization is by irradiation with ultraviolet or visible light in the presence of

20  photoinitiator. Examples of photoinitiators that are useful in the polymerizable
composition include, but are not limited to those commercially available from Ciba
Geigy of Tarrytown, New York under the trade designations Darocur 1173,
Darocur 4265, Irgacure 651, Irgacure 1800, Irgacure 369, Irgacure 1700, and
Irgacure 184, and Irgacure 907. Photoinitiators containing phosphine oxide

25  derivatives are preferred. A preferred photoinitiator is Lucirin® TPO, (2,4,6-
trimethylbenzoy) diphenyl phosphine oxide, commercially available from BASF of
Charlotte NC. The photoinitiator can preferably be present in amounts in the range
from 0.1-10 parts by weight per 100 parts by weight of polymerizable composition
(pph).

30 The polymerizable composition can also contain one or more other useful

ingredients that, as will be appreciated by those skilled in the polymer art, can be

-15-
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conmononer or high index of refraction conononmer. For instance, the .
cononomer can conprise a mixture of one or nore (neth)acryl ate nononers

(1 ncl udi ng 80s2Nd or nultifunctional rmonomers). The conorABUseABS63
conprise this type of 5 m xture further including nmethyl styrene nononer,
or, the conononer can conprise either of the above-described m xtures

further includj t t ed
aromat | o (et nYSRPOR S0Ek FBpiSTerza fompe KRy els: SiedepiafoR 3B ey
the pol yneri zagbmp Wﬁéﬂt‘éﬂnﬁﬁf@éﬂoﬁﬁﬁn"g@?ﬁ@@ﬂé OQExowsL&ﬁcmté %@i{eﬁf@' ght

of the Brom nated Mnoner, from about parts t net hyl
styrene mononefillerarpplymenzation mﬂuhisars,mnvl@tbqnwe@ynmhajmn (bf-‘ Ué$f§ withia a

conbi nati on of natl acryl ate. conono opt | onaII and
referably. onRoBPeHEe ETBRARERH o SR AR APCCRRguty sk ey o
stated above, {fRidedwPaR Bn'ixh&mbﬁﬂt@ 'khbﬁﬂ th Be Bﬁ%&tf%%ﬁﬂi&iﬁesp’e@twe

Pol yneri zati on can be acco I|s1e py usual neans, such as by heating in

the presence opumpobesce-radical initiator, irradiation with electromgnetic
radi ati on such as ultraviolet or visible l ht in the esencge of suitable
photoinitiators, and B’?s%'lnk’é‘ﬁragﬁmﬁé&rhe “PB‘lP E’E?ﬁ%e@f’g&ﬁﬁVéWf“é?fbe and
production spe radi ati on
with ultraviol ge?npg? m&fﬁ%ﬁgbpggﬁpﬁsﬁﬁ?’ﬁgoﬁ gb%ﬁhﬁgttggﬂol&ﬁﬁg%f%q énl tiator.

Exanpl es of phcompositiomt Dheglussatramitionuemperatire of B eompbsition t:itabé measured by
conposition include, but are not limted to those comrercially avail able

from G ba i giethodyknpwnamthe ate guchoasDiffesntial feanningdealormetgn @S6hs Dar ocur

1173, Darocur , 9, re
1700, and Irgaéﬁrggl &Jgﬁ %K{’{ﬁ?%é’ar é’g' Wﬁﬁ%&?‘%aln%glgggkﬁ Nﬁ@ntlgilgglg‘ﬁ%g
phosphi ne oxi dexaziples cisuituble chsslirking Afeatsdnélade didliflrphtintdtedigiliot oi ni ti at or
I's Luciri n[err TPQ (2,4,6- trimet héﬁ enzoy) di phenyl phosphine oxide,

comercially a ?H}’éhﬂl%?eﬂféﬁrtﬂﬁ@ﬁmﬁth Biloxyethyneinazing, yidoeresshinkers that asen

r ef er abl be s.in wei ght
ber 100 parts BTTERIalb RS o o A 320 TO0RBREQTIR of ST GAT Ebertif OF,
pol ymeri zald e 36080 QEdrylated epaRy Abvdlac 60BN EdcRre)"BbécA 893, ONEf2860

(Sartomer), Ebercryl 6602 (trifunctional aromatic urethane acrylate). Preferably,

the polymeric material will be crosslinked sufficiently to provide a glass transition
temperature sufficiently high that the polymeric material is resistant to groove tip
deformation. It is preferred that during polymerization of the composition, the
20  temperature of the composition is maintained at a temperature that is equal to or
slightly below the Tg of the polymerized composition (i.e., slightly below the
midpoint Tg as determined by MDSC). The temperature of the polymerization
during composition can be controlled by controlling the temperature of the
polymerizable composition, the temperature of the master, or both.

- 25 Surfactants such as fluorosurfactants can be included in the polymerizable
composition to reduce surface tension, improve wetting, allow smoother coating
and fewer defects of the coating, etc. Specific examples of useful surfactants
include nonionic fluorosurfactants sold by the 3M Company of St. Paul MN under
the trade names FC-430, FC-171, and FC-740. Such surfactants can be included in

30  the polymerizable composition in any useful amount, e.g., in an amount in the range
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Ingredients that, as wll be appreciated by those skilled in the polyner
art, can‘'be -15- useful in such a polynerizable conposition. For

exanpl e, t keobHshsesi on curabl e conposition mght contain a creevhisakissgs
agent, one or nore surfactants, pignents, fillers, polynerization

I nhibitors, and other ingredients that can be useful within a pol ynerizabl e
conposi tion or gt bi ' | ' ; :

el uded i ¢ hdr oo POLRS 0 3Farby i pek 100 pRAL Bty RRIiPAE PotBostion
respective purgppl®s. A crosslinking agent can be useful to increase the

glass transition tenperature of the pol r resulfing from polynerizing the
pol yreri zabl e corrpo? qQlyeric Wssglpﬁ%“lcré@»@&;" PWQFS&E*’H{R? agded, to the
conposition ca : r .10 . -bos I D S

bt orent | al - seondiBaR cainpBliibl in pff B itipro0ePoceflidd: B Bhpare SFLY |
Mechani cal Analsysakch rebidfahce td the polyidrized eaterivl asr tofaffett dpichEpropadies ofithieng

agents include diallyl phthalate, djallyl terephthalate,
1, 3, 5-tri - ( 2- (Pelymerized material hExpmples of usefilepolymericbeads Includertboserpadenfe

Sbercryl 15 sabysBfsts Flvahuss, Ropdiinet At B o e ey,
693, CN1 12C60 6W%po§&@faﬂbﬁfoe@§@&eﬁ bf EdibiRAtichs Theras© sktantpley ¢ft hane

acrylate). Preferably, the polymeric material will be crosslinked .
sufficiently tdngrganic filers agt pigmentsimsludesnlid enhellaw glass bealds, silicanzirgonid, gh

t hat the neric material i s resistant , .to.,gr e tip defor.matiqn. It is

preferr edp?hgt ai#]?‘f’w& tb‘é)l’%ﬁﬁ{rdﬁz%ﬁf{btﬁmafn ‘f‘ﬂé‘dgoﬁg\éﬂq@b%ﬁm“ﬁ%ﬂziﬁm ¢

temperature of HeRfeciONRRPA) MiPommbterufl), AnBEHe phrtiBlel EAPSY Abiified ik | s equal
e Tg of iﬁ%e&&hﬂ .

to or slightly belowt meri zed conposition e., slightly
bel ow t he m dpgolymefizable cdetpesition @dahymblBGn theTraage fropeataut 025ab 7 weight

pol ynmeri zation during conpositjon cap be ntroll ed by controlling the
t enper at ure of PEFRENh Vﬁﬁ?f;@giyeg%ﬁg%‘i Q&gﬁo ZtWFéglltéWﬁ@Phture of the

master, or both. The polymerizable composition can be used to prepare a variety of known

15  and useful high index of refraction optical products or articles, for example optical
lenses, optical films such as high index of refraction films e.g., microreplicated films
such as totally internal reflecting films, or brightness enhancement films, flat films,
multilayer films, retroreflective sheeting, optical light fibers or tubes, and others.
The production of optical products from high index of refraction polymerizable

20  compositions is described, for example, in United States Patent No. 4,542,449,

A preferred optical product that can be prepared from the polymerizable
composition is a microstructure-bearing article. Microstructure-bearing articles can
be constructed in a variety of forms, including those having a series of alternating
tips and grooves sufficient to produce a totally internal reflecting film (TIRF). An

25  example of such a film is a brightness enhancement film having a regular repeating
pattern of symmetrical tips and grooves. Other examples of groove patterns include
patterns in which the tips and grooves are not symmetrical and in which the size,
orientation, or distance between the tips and grooves is not uniform. Preferred
examples of microstructure bearing articles useful as brightness enhancement films

30  are described in Lu et al., U.S. Patent No. 5,175,030, and Lu, U.S. Patent No.
5,183,597,
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25 Surfactants such as fluorosurfactants can be included in the
pol yneri zabl e conposition to reduce surface tension, inprove wettihg, allow -

smoot her cqal bgihggnd fewer defects of the coating, etc. SpecigdBusysasidses
of useful surfactants include nonionic fluorosurfactants sold by the 3M

Conpany of St. Paul M under the trade nanes FC-430, FC- 171, and FC-740. . -
Such surfactants can, be_i.ncl uded, i n. t olymerizable ¢ sition in

any et Ul amount . - Agordifeta e aes dtnsions b fu B5a YT S mier S AR hoRtng ",
to 0.3 parts byrtipd & bedsrepred bp amdthe®intRding%Be sRp§ 81 Préparing @PPh) .

Pol yrmeri c beads, inorganic fillers, and/or pignents can be ‘added to the

pol yneri zabl e polypesizable coinpositio;(b) depositing\the polymeszibleycompositigreertosl i p

and 5 scratch resi stance .to the po tized.magerial, or to affect

ohti oal oy oner Maste BREqHVE Fbfastris iRt Taing ERES oA AP et Siicient to
olynmeric adsgyi t t t

pol y bead§ij1ithe ba\ies ﬁ@rﬁgﬁé S@f fgg%tﬁ% A igg::v}yé%%éa@ ¢the

copol yners of styrene and acr et hyl ene, yl ene,
pol yt et r af | uor pelymeriealsle composititm betweema préformaf base ang tiesmaster, avlegstone

fillers and pi nts.include solid qQr hollow glass _beads, silica, zjrconia,
10 al uni num gmr‘é 2:! ,e;embz icvmamcew@en- The mastes can be metallic; 7o

can be between : J: GL.O | L ded
in the pol ymer Fl%ca g“é%r‘f?é@%f?@%&%&’ §E? %rn%g%f ro?ﬁarfﬁéeﬁ #h%%ép@%n@ gﬁ?gg‘ﬁh . 25

to 7 weight peisotatile underehepétimedidtionfdonditiahs) ahd that préferaBlyisahiurfacs cent .
The pol yneri zabl e conposition can be used to prepare a variety of known 15
and usef ul 14 gensrEnthat glowe elear ramnvabef the polysresiged matesial fom e aeasteror

Fiime oo . moror ot Piesied Fftadbet SHERER progiRs o aPervioR it
fi1ms, or bri gl igare FfenGeINE Bimiticklctufd-plarick bBhEM rbadoetent fino

retroreflective sheeting, optical light fibers or tubes, and others. The
production of Bgferdng tqthediigurs, tirightness erhanpement film 38fcomprisenbase layer? iandb| e

optical layer 4. Optical layer 4 comprises a linear array of regular right prisms,

15 identified as prisms 6, 8, 12, and 14. Each prism, for example, prism 6, has a first
facet 10 and a second facet 12. The prisms 6, 8, 12, and 14 are formed on base 2
that has a first surface 18 on which the prisms are formed and a second sufface 20
that is substantially flat or planar and opposite first surface 18. By right prisms it is
meant that the apex angle o is typically about 90°. However, this angle o can range

20  from 70° to 120° and is preférably from 80° to 100°, and, it is not necessary that the
corner be sharp, but it can be either sharp or rounded. The prism facets need not be
identical, and the prisms may be tilted with respect to each other. The relationship
between the total thickness 24 of the optical article, and the height 22 of the prisms,
is not critical. Still, it is desirable to use relatively thinner optical layers with well

25  defined prism facets. A typical ratio of prism height 22 to total thickness 24 is
generally between 25/125 and 2/125.

A brightness enhancement film, as is known in the art, can typically be
positioned in a display panel between a diffuser and a display panel lit by a light
source, e.g., a backlit liquid crystal display. The brightness enhancement film

30  controls the exit angle of the light emitted from the light source, and increases the

brightness of the display panel. The increased brightness enables a sharper image to
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20 conpositions is described, for exanple, in United States Patent No.
4,542, 449. A preferred optical product that can be prepared fromthe

pol yneri zawlo98s08g30si tion is a mcrostructure-bearing articl ePCT/US97/15863

M crostructure-bearing articles can be constructed in a variety of forns,
i ncludi ng those having a series of alternating tips and grooves sufficient

to produce a tis prodiced bybihealisplayl feet idtallowlsthé BWED of 8 light soufe@ee Of

such a filmis a brightness enhancenent film having a regular repeating

pattern of synieduedddtal prodyce aselectedorightnessy The boghtnpsseanhaicegrentfilm ietheer ns
I ncl ude patternns,i.n | C he t.ips d grooves are not s trical and in
whi ch the si zet?acg’ﬁ wpﬂadﬁ?p? r’sg‘isgﬁglr?c%“m"(ﬁié‘hd‘(%é"m &gﬁﬁggiﬁé%s i s
not uniform Ressitedy 1e@SIohe fe.8f pBisohdl THWSLHE)CVIABES | thebifeS usef ul
as brightness enh‘glfnce??ent fil rrgegbp Sare desgr F@’egg?ﬁf?ﬁ%ﬁg’aﬁ]%&u S.

Pat ent No. 55, lctanaticataondddvices,land. aufamobile dvd avioniBidstrament displays. Accor di ng
to the descriptions gf, Lu and et al a mcrostructure-bearing article
can be prepared by RNGHEWVERECH wbi M’W& flly appregiatedrwith yeferenpmia thg Tollowing
pol ymeri zabl e maﬁjngi&gl;n f8) depositing the polymerizable conposition
onto a nmaster negativ A ePostruct ured nol di ng surface in an anmount barely
sufficient to 5 fill the cavities of the master; (c) filling the cavities

by noving a bead of the polynerizabl e conposition between a prefornmed base
and the mast erEXamplegast one of which is flexible; and (d) curing the

itiaqg. . ' ickel, nickel -plated
copper or 10y act¥epFRIGH of £8-RBriRhI Moy O BN BESERY: 1< ctanl e under
the pol ynerizati orinaargpidpriately sined fdidld totRheflaklequipped withd mesifnikal

energy that allows clean renoval of the polynerized material fromthe
master. A pr efséiFfeaccoagdpaser, mitiogest capnadition fiinngl; antlitempetatutesprobe;&50i grams s

enhancement 1 1P RSP PHIRRER PimBg il ShPdndeisbisse i ofhsimodhiem 30

conpri ses basayasatiefed4withl 8 mechanical mixer and purged with nitrogen for about 10 minutes.

15  1881g bromine was added to the mixture drop-wise using the addition funnel. The
reaction temperature was maintained at about 30°C or less using an ice bath.
Following the addition of the bromine the reaction mixture was stirred for 30
minutes at room temperature. Reaction completion was determined by gas
chromatography (GC) by monitoring the disappearance of the reactants and

20  monobrominated species.

Upon completion of the reaction, 4487g of ethyl acetate was added. The
mixture was stirred for 15 minutes and then allowed to phase split. The bottom
(aqueous) layer was removed and 750.5g of a 13% (w/w) aqueous sodium
hydrosulfite solution was added. The mixture was stirred well and then allowed to

25  phase split. The bottom (aqueous) layer was removed and 856.4g of a 13% (w/w)
aqueous sodium chloride solution was added. The mixture was stirred well and
then allowed to phase split. The bottom (aqueous) layer was removed and solvent
was stripped from the top layer using a rotary evaporator.

The crude product was then distilled using a distillation head and vigeraux

30  column. The product distills at 0.1 mm Hg, a pot temperature of 151°C and a head
temperature of 97°C. This procedure provided approximately 1500g DBsBP.
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—— e

optical layer 4. Optical layer 4 conprises a linear array of regular right
prisms, 15 identified as prisms 6, 8, 12, and 14. Each prism for exanple, -

prism6, hypesdosést facet 10 and a second facet 12. The pri $rngs974sse32,
and 14 are forned on base 2 that has a first surface 18 on which the prisns

are.formed and a second surface 20 that is substantially flat or planar and
opposite first surface 18. By right prisns it is neant that the apex angle
[err] is typically about 90[err]. However, this angle a can range 20 from

70[err] to 12(lfnepni-atimdol'4g6mﬁanmwoﬁ.r?y1ﬁﬁé.ﬂm(bmpp)lOO[err] and, it is
not necessary that the corner be shar t it can _be either_sharp or

rounded. The pri sm Theproseduse desmbecb@r |fh%ﬂtqp8@fﬂ°n QhDBsBP was follewed ysing

tilted with r eac t|o t e.to

hi ckness 24 GPORRS 2:oRBRmefindl stk B b e BiviRentl, 818t peerdh 8535 ¢
not critical. o$tblrd>thel K638y Myl abdt@re! PROLSEF 13% viw)Pagheblid mmom i cal

[ ayers with well deflnedeﬁgrlsmfacets A typical ratio of prism height

22 to total t mydkosgkﬁ;e 2nd B0gyenk3 %A (Wiwhaquecansatiiim 2blosidd t@ pasiice AS98 g of

bri ght ness enﬁggg, nt film as is known in the art, can typically be
positioned in Iay panel between a diffuser and a display panel. lit by
a |light source, a backlit liquid crystal display. The brightness
enhancenent f|In130 controls the exit angle of the light emtted fromthe

li ght source, Symthesicofd6alibtdmo-Rrsegittutglyshenfyl hhqlatbiDIBaBP[Aa)nel The

I ncreased rlghtne enabl es, a_shar produced by the
di spl ay péﬁ and 3(5‘\/9&?{9%‘ cglrounﬂéoapmﬁaSEsﬂnJleéeQ W“B@ mechasisd t o
produce a sel e e | g
Backi it f1at pangl> cqpasRE SAdiiod Zﬁ&f?‘ YRR RS TROE of b Gl
| apt op conput esees-}autyﬂ phenol, 360 f (-dutyl megieyd sthes | 5521 @ﬁ/th&tl@hﬁr)unevanﬂe@mg
recorders, nobi . .. commun |c§t|on devi ces, and autonobile and avjonic

i nstrument di F’é‘if azipg were, in thess exsmples; therhase ysegdppasdEiethybeming; h
reference to tiigebel b UWiBHoMeichly LuivhSer SRHTBRESE any other appropriate bases

15  could also be used, such as sodium hydroxide or pyridine, among others). 47.3g of
acryloyl chloride was added drop wise and, using an ice bath, the reaction
temperature was maintain below 20°C. The reaction was run to completion in
approximately 30 minutes.

The product was then worked up by sequential washings with deionized |

20  water (257g); 0.7% aqueous hydrochloric acid (51g); 16% (w/w) aqueous sodium
carbonate (59.6g); and 8% (w/w) aqueous sodium chloride (54.5g). Solvent was

removed using a rotary evaporator and the crude product was vacuum distilled to
yield 155 grams (94%) of product.

25  Synthesis of 4,6-dibromo-2-isopropyl phenyl acrylate (DBiPPA)
A procedure similar to that describe in the synthesis of DBsBPA was used
to prepare 4,6-dibromo-2-isopropy! phenyl acrylate, however, 4,6-dibromo-2-

isopropyl phenol was used in place of 4,6-dibromo-2-sec-butyl phenol.
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Exanpl es 10 Preparation of 4, 6-dibronp-2-sec-butyl phenol (DBsBP) |In an
appropri.ately.sized round bottom fl ask equi pped with a nmechanical stirrer,
condenser, nitrogen cap, addition funnel, and tenperature praqbe, 850 ans
(g) of 2-SWOMBFMSphenol was nixed with 5097g of deionized meﬁ%‘?"?s’?ﬂé%

m xture was stirred with a nechanical m xer and purged with nitrogen for
about 10 m nutes. 15 1881g brom ne was added to the m xture drop-w se using
t he addition fSynthesis $fi2,6rdibcomord-nenylphenyl acrylate (BBNRAhed at about

30 C | ' ' th. ,Fol | pw h ddi ti f the b '
Che.react fon m xt ur 18 SaPReppah st rawndirorite Dot Shimmi e e tutal
ReacLi o COMDl @il o iften el el oD ian BLAHEITHIO0R BElNck GrbMagTBRil o | ng

t he di sappearance o e reactants nat ed"speéi eS. Upon
conpl eti on of rdnglphensitandr1 80448 deionized Waydr were indiked. VB thisl sifrded mideuryg, xt ur e
was stirred for_ 15 minutes and then al|lowed to phase split. The bottom
(aqueous) Payef7-$@ef bromipe was addedsiropyisseing cavgiul ioheep thesactiono di um

hyd I fit ' ) ' i I . h
ol Loved 1o 25 miiefie g SO ARSE Y Aohich ot Siolihe g ivrafidad, "0
856.4g of a 13ffomedWd rastd B eboiPsh HourC hRiel tHe réwetion Wab compleds] &S detefimed
m xture was stirred well and then allowed to phase split. The bottom

(aqueous) | ayéry geashrematogtaphy,dhe product was taken np jitocinforganic pbaseayf 168ger

using a rotar aporat qr,. The .crude product s, then distilled. usi

i st aton RG] SRrHaLe | e rBRnIS Hase R ARET WRRRS YR e gt A BR ot §%
Hg, a pot 1oeRGHAY dhGedis saéi%hgyyd}&mg (86,38Péhd PRRYUA) aqueBls Idifiha | G TH s

procedure provi ded approxi nmat 15009 "DBsBP. paration o
4, 6- di br ono- 2-dhiarjled3912ghhThe kthiyDitieRi?y wWhis ¢her stipphdron alectaryi dvagorfator ande

reparation of , DBsBP was followed. using. . : .
prep the crude product vacuum glstulﬁec{' gsmg a short vigeraux column to yield

approximately 66g 2,6-dibromo-4-nonylphenol (DBNP).
In an appropriately sized round bottom flask equipped with a mechanical
15  stirrer, condenser addition funnel, and temperature probe, 30.5g of 2,6-dibromo-4-
nonylphenol, 64g of t—l;utyl methyl ether, 9.8g of triethylamine, and 0.005g of
phenothiazine were mixed. To this stirred mixture, 8.4g of acryloyl chloride was
added over a period of 30 minutes being careful to keep the reaction temperature
below 35°C. After the addition of the acryloyl chloride, the mixture was allowed to
20  react at room temperature (approximately 25°C) for a period of 2 hours at which
point gas chromatography analysis indicated a complete conversion of the 2,6-
dibromo-4-nonylphenol to 2,6-dibromo-4-nonyl phenyl acrylate (DBNPA). The
product was then worked up with sequential washings of deionized water (45.6g);
0.7% (w/w) aqueous hydrochloric acid (8.9g); 16.4% (w/w) aqﬁeous sodium
25  carbonate (10.4g) and 8.7% (w/w) aqueous sodium chloride (9.5g). The organic
layer was then dried over magnesium sulfate and the solvent stripped in vacuum to

yield approximately 32g of 2,6-dibromo-4-nonyl phenyl acrylate.
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800g of 2-isopropyl phenol instead of the 2-sec-butyl phenol, 5291g of water,
1953g 5 of brom ne, 4658g of ethyl acetate, 780g of 13% (W w) aqueous
sodi um hyd | and 890g of 13% (w w) aqueous sodi um chl ggd

pr oduce 153@63*/%‘#85%& PP. Synt hesis of 4, 6-dibrono- 2-sec-buty?§%ﬂgsn%7 5863
acryl ate (DBsBPA) 10 In an appropriately sized round bottom flask
equi pped with nechani cal,.stirrer ondenser, addition funnel and

t enper at ur e pr@&@f"?@ﬂ‘t&f@f@-‘&ﬂvﬁgﬂ k2. sec-butyl phenol, 360g of t-butyl
met hyl ether, 55.2g | FR&; aﬁ‘g, . \AZL I xed.
(I'n these exanpl es,lﬁﬁgé%dggggwggg%ﬂri t‘%&%granm]ng?}gﬂgﬁ%{é’rg&ﬁgaﬁre@

st oi chi omet ri casingare Abbe Refrattometenmadd bypBsmaIrite of Jpkyo fapan) endodisteibutkd
could al so be usgd ch as sodi um hydroxi de or pyridine, anong ot hers).
47.3g of acryl%‘&f’sﬁﬂs%ﬁ’? ®was added drop wise and, using an ice bath, the
reacti on tegmperature was mai ntain below 20C. The reaction was run to
conpletion in approximately 30 m nutes. The product was then worked up by
sequenti al wasMeassremdnt of ¥isgositgd 20 water (257g); 0.7% aqueous
hydrochloric acid (5 1g);, 16% (w w) aqueous sodi um carbonate (59.6g), and
8% (W w) aqueous so8Ne Misepsityaf yacyred resip corapsitions wese maderusingla Brookfield
rotary evapor 3 I { s, vacuumdistilled to yield 155
grans (94% O]?M%rﬁg uctﬁaggg{eyggnﬂqﬁg%{o%&s@g& r mﬁﬁez-isopropyl phenyl
acrylate (DBi PPA) A procedure simlar to that describe in the synthesis of
DBsBPA was used to prepare 4, 6-di brono-2-isopropyl phenyl acrylate,
however, 496- dMepgmignrentiof BrightpessGainol was used in pl ace of

4, 6-di br onp- 2-sec- .phenal .. -2Q- ., .Synthesis,of 2, 6-.di brom-4-nqnyl
_phenyl acrylate (DB _g’“@ﬂ“%sﬁ R o FF M % fm%%f}%%magﬂg‘wmgﬁi@&a“
equi pped wi th displ®ecfeag)i £84uid crystal display or LCD) with a brightness enhancing film

(BEF) compared to the photopic brightness of the display without the BEF
(backlight only).

15 Photopic brightness with BEF
Photopic brightness without BEF

The brightness of a Sharp backlight model C12 P display, powered by a
Hewlett Packard E3611A DC power supply was measured with and without BEF
using a Minolta Luminance Meter LS-100 Photometer. The BEF was placed on the
20  backlight with the microfine prisms parallel to the long axis of the backlight, and
facing the luminance meter. An acrylic frame was placed on top of the BEF to keep
it flat against the backlight. After waiting for three minutes, the on-axis brightness
of the display was measured in units of foot-lamberts. The BEF was then removed
and the brightness was measured immediately afterwards. The ratio of these two

25  readings was reported as the gain.

Examples 1-7 and Comparative Example 1 Preparation of Polymerizable
Compositions _ | R
Polymerizable compositions were prepared by blending ingredients in the
30 amounts shown in Table 1. The values for the monomers/oligomers are the weight

percent (wt%) of the component based on the total weight of the composition. The
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‘stirrer, condenser, ni trogen cap, addition funnel and tenperature probe,
449 of 4- nonyl phenol and 180g of deionized water were m xed. To this
stirred -m xture, 5 77.4g of brom ne was added dropw se being careful to
keep the ' tenperature below 30[err]C. After the addi pic@riset/ 14s6E
brom ne, taﬁgssrﬁk@?ﬁre was all owed to react for about an hour. Once tlhe
reacti on was conpl ete, as determ ned by gas chromatography, the product was

k [ i h vyl . Th [ h
then wnshed w'eIeS B BRPAREFC AL 4 s cOR dre oty b Rest b -
hydrosul fite (Ogﬁ,pgghoa_nd 13% (w w) aqueous sodium chloride (30.2g). .The

ethyl acetate was then stripped on a rotary evaporator and the crude
product vacuum di stThe gaherad propedurshwhich wiag followed do thenpreparatior bfithese

T St kAR RAAR ek e S
A0 1o €8s PO RS 388 g RO FBRER Tt by

of phenot hi azinfiRinge Ehethethyl stykend, finethjidrylaRtnbnorhéts and EHZR Piverthn OY |
chl ori de was added over a period of 30 mnutes being careful to keep the

reaction tenpépasegatively blendabinto thetabpve mixtured ThedfCAH0 andeTRQrwere ghen
chloride, the_m r lJowed to.20 .react af, room tenperatur

(appr oxi mat of JUSSHY 1Py FFRef 15H80ish” THR mir GG raf e RORef i qger -

chr omat ogr aphyroe@ #&y/30 o s diqased a conpl ete conversion of the 2, 6-

di br ono- 4- nonyl phenol to .2, 6-di brono-4-nonyl phenyl acrylate (DBNPA). The
product was then worked up with sequential washings of deionized water
(45.69); 0.7% (ww) aqueous hydrochloric acid (8.9g); 16.4% (w w) aqueous
sodi um 25 carbonate (10.4g) and 8.7% (W w) aqueous sodi um chl ori de
(9.59). The organic |layer was then dried over nagnesium sul fate and the

solvent stripped in vacuumto yield approxi mately 32g of
2, 6-di br onp- 4- nonyl phenyl acrylate. -21-
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Measurenent of Refractive Index The refractive index of resin conpositions

and cured filns were neasured using an Abbe Refractoneter,

Inc., of Tokyo Japan, and distributed
of Vi scoswbywsAteesvi scosity of uncured
Brookfield Mbdel LV visconeter set at
Measur enment of Brightness Gain The bri
of photopic brightness of a backlit di
or LCD) with a brightness enhancing fi
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made by Erma
by Fisher Scientific. 5 Measurenent

resin compositions wREHIIASHI ng a

30 RPM and using a #3 spindle. 10
ghtness gain or "gain" is the ratio
splay (e.g., a liquid crystal display

| m (BEF) conpared to the photopic
BEF (backlight only). 15
bri ghtness wi thout BEF The bri ghtness
powered by a Hew ett Packard E361
nd wi thout BEF using a Mnolta
BEF was pl aced on the 20 backl i ght
the long axis of the backlight, and
frame was placed on top of the BEF
After waiting for three mnutes, the
measured in units of foot-I|anberts.
tness was neasured i nmedi ately
readi ngs was reported as the gain.
Preparation of Polynerizable
.were prepared by bl endi ng
iBgn Table 1. The values for the
t (W% of the conponent based on

* In Comparative Example 1, 1.0pph Darocur 1173 was used instead of 3.0 gp



-22- val ues for the surfactant, FC430, and initiator, TPO, are parts per
hundr ed ‘conposi tion. The general procedure which was followed in the

pr epar at i ow@9s/s08ase conpositions included first charging i ntRCEUSYMGEE pot
the RDX5 1027, PEA, and 5 BR31 (conparative exanple 1) and then heating
at 100[err]C until nelted, followed by m Xxing. The nethyl styrene,
(meth)acryl ate monomBg; meamEmEﬁaaﬂeﬁmnmst(Bms):émﬁ@m ¥ filiorobredtdRd layek o t he

above m xture. The FC430 and TPO were then mxed in for at | east 15
m nutes. The nflispesed an-assubstsate vease prepareddy placing the pelymerizable somposition 60

Enhancerent i PHECPBERET hibshEani g Sestar oMCt i arismphv %aﬁé‘%ii@a on a

substrate wer epfiri? BAgle a3 Y00 @Qanuhﬁe 4rif BREA 32956 ukp en a
PET substraste and gaémaster We?ﬁéea mcro-ﬁﬁl ngﬁprlﬁgﬁat |uc te't%eréérf W '

The compositions were spread by means of a knife coater to give a coatmg of 25

um thickness. The combination of PET substrate, polymerizable composition, and
the master were heated to the temperature given in Table 2, and passed under a UV
lamp (300 watts per square inch). The PET and cured composition were then
separated from the tool, with the cured composition having the negative form of the
10_' prismatic structure replicated on it. The composite film thus formed is referred to as

brightness enhancement film, or BEF.

Table 2
Coating Conditions
Example Composition Conveyor Speed
Temperature during (ft/min)
polymerization
Comp. Ex, 1
1 54°C 25
2 25°C 15
3 54°C 45
4 25°C 25
5 54°C 25
6 54°C 25
7 54°C 25

15
The compositions prepared according to Table 2 were found to have the

physical properties outlined in Table 3 below.
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prismangle was 90 degrees, and the prismpitch was 50 urn (m croneter)
(90/50). 5 The conpositions were spread by neans of a knife coater to -
gi ve a coaty 0522 Um thickness. The conbination of PET subsihabfissss

pol ynmeri zabl'e conposition, and the nmaster were heated to the tenperature
given in Table 2, and passed under a UV lanp (300 watts per square inch).
The PET and cured conposition were then s%[l)%jfated fromthe tool, with the
cured conposition having the negative f oF the 10 pri smatic structure
replicated on it. The corrpc?élysl ermrtlm@f%nmfmnganéFdWed to as

bri ght ness enhamgee IIL | ~ ll; o5 et P Corerirt \JWWE
L in iscosity
COITpOSI t1on EB po)dme P@Je'?a‘j%! (FEI uriln " i f lH

pol ymeri zation “éb{np.ﬁ. 13 1.5592 15898 LS| 15" solid 2512
25[err] C 1 1a 3 15745 1 597'55f+f7€F| :l 2760 4p 4
25[ er r] C ) 2595 1.5755 L 5945'-”_ et *mz 6400 2516
54[ err] C 257 2 et 251 15
L 3 15740 . | Tnégosﬁ 0
The conpositi ong——pt efaretaees;] g-Hg—Fabien, p 5
H H FIET H - ‘& 4 DL Tkl o

physi cal proper §t+es Qe .ﬁed—-i—ﬁégg-bl-e- S5 r5 597 [T e—Tas

6 1.5685 1.5944 1.608 9200

7 1.5640 1.5912 1.608 4600

The data in Table 3 show that the compositions of the invention have a
S higher refractive index, a viscosity at room temperature that is suitable to

processing and coating, and are capable of producing films having high levels of

gain.

-26-
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Physi cal Properties of Conpositions and Fil s Exanple Refractive

| ndex - ‘Gai n Viscosity (cps @23[err]C) Unpol ynerized Cured Film
Conp. EX. 5592 1.5890 1.572 pw,mgi-,ﬂlsgs:,
ahas  WOsspgS 2 1. 607 2760 2 5755

1. 5945 1.612 6400 3 1.5740 1. 5936

1.610 24.00 1.5675 1.5892 1.596

3800 5 What i claigsed is: 1.5919 1.597 7400 6

1.5912 1.608 Ooq'%he datapl n abI e 3 show that the

conposi tions of the i nveabaseatdive a 5 hi gher ref ract I ve index, a
viscosity at roomtenperature Fat is suitable to SSi ng and c atl ng,
and are capabl e of produdhRBUGA I4¥Er Prspaned framyn pp pga ¢ com ﬁs‘t‘mﬁé What

I's claimedgd s dpéllymenzaﬁ %?ﬁr%o%ﬁion oRting GRHRG- %&Qﬂst@%i?f’o?ﬁn?ﬁﬁ‘?h@ﬁbl@pt i cal

| ayer prepare oma poly rlzab e ‘conposi t I'on rizabl e

conposi tion coewrl(meﬂgaa?laeé mphorerosiithé gemstallfomilaat ed phenol ic ester
(meth)acryl ate nononer of the general fornula: [err] Br[err] wherein x is

fromlto 4, Ris -Hor -CH3, and R err] is aNgtraight or branched al kyl.
10 2. The optical product of clai mATRwherein the brom nated
nonomer -
0~ %
Bry A

wherein x is from 1 to 4, R is -H or -CHs, and R* is a straight or branched alkyl.

10 2. The optical product of claim 1, wherein the brominated monomer

has an index of refraction of at least about 1.50.

3. The optical product of claim 1, wherein the brominated monomer
has an index of refraction of at least about 1.55.
15
4. The optical product of claim 1, wherein R* is a straight or branched

alkyl having from 1 to 18 carbon atoms.

5. The optical product of claim 4, wherein the brominated monomer

20  has the general formula:

R



has an index of refraction of at |east about 1.50. 3. The opti cal
product of claim 1 wherein the brom nated nononer has an index of - '
refracti onygf £ast about 1.55. 15 4. The opti cal prodt*g:tmgg.,ﬁg hm 1,
wherein R[errT |s a straight or branched al kyl having from1 to 18 Carbon
atons. 5. The optical product of claim4, wherein the brom nated nononer

20 has the general of orJmul a: 1. d x are as
defined, and E?ﬁw*felﬁhﬁﬁfwkf Mw}tﬂ{ﬂ% ?Pﬁﬂwﬁ%"%}?&’ﬁb@n 18,¢ ons.

6. The opti ¢adboRfafsiHgt of claim5, wherein Rlerr] is an al kyl having
from5 about 3 to 4 carbon atons. 7. The optical product of claimb5,
wherein x is 2. 8. The opt I cal product of cl ai m 5 V\/nerei n the

brom nat ed nononer éo t he g ral forrru a; [err] Br
wherein Rlerr] is a defl ptigal bro Lol Sblméawh?fﬁ'é‘&rclﬁ a@ﬁ“@l bavmga omher ei n

t he brom naged | ses 4, 6-di brono- 2-sec-butyl phenyl
4 aH&RW4 ?19&'39%

acrylate. 10. he optical product of claim8, wherein the brom nated
nonomer

7. The optical product of claim 5, wherein x is 2.

8. ‘The optical product of claim 5, wherein the brominated monomer

10  has the general formula:

e
0™ %
R Br
Br
wherein R' is as defined.
9. The optical product of claim 8, wherein the brominated monomer

15  comprises 4,6-dibromo-2-sec-butyl phenyl acrylate.

10.  The optical product of claim 8, wherein the brominated monomer

comprises 4,6-dibromo-2-tert-butyl phenyl acrylate.

20 11.  The optical product of claim 8, wherein the brominated monomer

comprises 4,6-dibromo-2-isopropyl phenyl acrylate.

12.  The optical product of claim 4, wherein the brominated monomer

has the general formula:

[
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conprises 4,6-di bronp-2-tert-butyl phenyl acrylate. 20 11. The
optical product of claim@8, wherein the brom nated nononer conprises

4, 6- di br oRpodsksegadr opy! phenyl acrylate. 12. The optical pporwsdr/EB6x! ai m
4, wherein the brom nated nononer has the general fornula: -28- [err] .
[err] [err] and wherein R and x are as defined, and R err] is an al kyl
having fromabout 1 to 18 carbons. 5 13. The optical product of
claim12, wherein R err] is an al kyl havi ng\Nrom about 8 to 12 carbons. 14.
The optical product of claim12, wherein x /s B. 10 15.  The
optical product of claim 12, wherein the)®Hr8fi nated nononer has the
formula: [err] [err] Br wherein R err] ip as defined. 15 16. The opti cal
product of claim 15, wherein the brom nononer has the formula: -29-

Bry

and wherein R and x are as defined, and R? is an alkyl having from about 1 to 18

carbons.

5 13.  The optical product of claim 12, wherein R? is an alkyl having from

about 8 to 12 carbons.
14,  The optical product of claim 12, wherein x is 2.

10 15.  The optical product of claim 12, wherein the brominated monomer

has the formula:

=
0™
Br _Br
2

wherein R? is as defined.
15
16.  The optical product of claim 15, wherein the brominated monomer

‘has the formula:

* c L M N *

220



[err] [err] Br [err] 17. The optical product of claim15, wherein the
brom nated nononer has the formula: 5 [err] [err] Br [err] [err] 18.
The optica of claim 1, wherein the polynerizable co 3ol
further cob%‘%@ge@&% hi gh i ndex of refraction conononmer. 10 13;.8%#%&63
optical product of claim 18, wherein the high index of refraction conononer -
has an index of refraction of at |east about 1.50. 20. The opti cal
product of claim 18, wherein the high index ofjyrefraction 15 conmonormer
conprises a (neth)acrylate nononer. 21. The i cal product of claim18,
wherein the high index of refraction conong conprises an aromatic
nmononer. - 30- 22. The optical productjof & aim 18, wherein the high

i ndex of refraction conononer conpri 83 a_bkyoni,Bated aronati c nononer. 23.
The optical product of claim 18, wherei I gh index of refraction 5
conononmer conprises a brom nated aronati t h) acryl ate conononer.

oHjg

17.  The optical product of claim 15, wherein the brominated monomer

has the formula:
S
Pe
0™ %
Br Br
12t
18.  The optical product of claim 1, wherein the polymerizable
composition further comprises a high index of refraction comonomer.
10

19.  The optical product of claim 18, wherein the high index of refraction

comonomer has an index of refraction of at least about 1.50.

20.  The optical product of claim 18, wherein the high index of refraction

15 comonomer comprises a (meth)acrylate monomer.

21.  The optical product of claim 18, wherein the high index of refraction

comonomer comprises an aromatic monomer.

(L
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24. The optical product of claim 18, wherein the high index of refraction
conononer conprises nethyl styrene. 10 25. The optical product of

claim1l, Wagysudasésre pol yneri zabl e conposition conprises frompdhgsyrnsssst o
40 parts by weight of the brom nated nononer; and from about 5 to 15 parts

by wei ght methyl styrene nononer. 15 26. The optical product of claim25,
wh th I bl it 70
D e oo e A2, B SORE hly bHERE T ORGSR kRSB i

aromati ¢ (et h¢anondmércofipiisesd broftinated aromatié monomlepe optical product of
claim1l1, wherein the corrp05|t| on is liquid at roomtenperature and
at m)spherl C pressure. The optical product of claiml, wherein the

opt 1 cal product of Bai mtl‘% PRI BrodeiEof Qe 14, k8 Pk hieh ifentapebrion
sel ected froom édifoinétofipisésSd broghifited Slomatie {MeR ﬂ@h&éﬁﬁdﬂ@i&, cel lul ose

acetate propionate, polyether sulfone, polynethyl hacryl at e,
pol yur et hane, pol yester, polyvinyl chloride, syndiotactic polystyrene,

| yet hyl ht hg) at nds. hased |
(i car boxyl ¢ ol ds, Pna ghaeptcd ghatl SE gt 18 e fsh sb?ra”ﬁﬁ%?oﬁhe?aceﬁﬁ.em

29, wherein th&,,{g@,ﬁﬁné}%g{ é‘sﬁn@th raehger. 31 The optical product of
claim1, wherein the opti aye conprises a 5 m crostructure-bearing

| ayer.
10 25.  The optical product of claim 1, wherein the polymerizable
composition comprises
from about 25 to 40 parts by weight of the brominated
monomer; and . |
from about 5 to 15 parts by weight methyl styrene monomer.
15
26.  The optical product of claim 25, wherein the polymerizable
composition further comprises from about 45 to 70 parts by weight aromatic

(meth)acrylate monomer, such as brominated aromatic (meth)acrylate monomer.

20 27.  The optical product of claim 1, wherein the composition is liquid at

room temperature and atmospheric pressure.

28.  The optical product of claim 1, wherein the index of refraction of the
composition is at least about 1.56.
25
29.  The optical product of claim 1 wherein the base is prepared from
materials selected from the group consisting of cellulose acetate butyrate, cellulose
acetate propionate, polyether sulfone, polymethyl methacrylate, polyurethane,
polyester, polyvinyl chloride, syndiotactic polystyrene, polyethylene naphthalate,
30  copolymers or blends based on naphthalene dicarboxylic acids, and glass.

» Hll!lll HIIH lllll ﬂlll 0l



32. The optical product of claim 31, wherein the optical product

conpri ses a brightness enhancenent film 10 33. A backlit flat- .
panel dis rising the brightness enhancenent filmof c¢lai 4,

A 1iquid %%”;aéﬁg% spl ay conprising the backlit flat panel di’?ﬁ‘}‘%’%’iﬁ“ﬁl ai m
33. .15 35. - A conputer or television conprising the liquid crystal display -
of claim34. 36. A mcrostructure-bearing optical product conprising a

base and an 20  opt% cal Thegptjcal predueknficlaim 29, phercinthebase egmprisesor om a

pol ymeri zabl e ition conprising: an al kyl -substituted brom nated

phenol i c estelp%rretE;'acryl ate nmononer; nethyl styrene nononer; and 25

aromati c (nmeth)acryl ate conononer. 37. The m crostructure-bearing optical

product of claim 36, wherein the m crostructure-bearing optical product
produces a gain of 3¢ | eBhgopticgbprogduct of claim 1, séherein therapticaldaysr comppises g a

m crorepligat i@gfolgﬁ_@&ggﬁq%&%ti %Ler.prOdUCt" conprising the steps of -32-

preparing a polynerrz tion conprising an al kyl - substituted
brom nat ed phenolic ester(mnmeth)acryl ate nononmer, the polynerizable
conposition being liquid at roomtenperature; depositing the polynerizable
conposi tion onto a3®ast eFheepsical prodact oficlaim3d; whertein the optitalipnodutir f ace in

an amount bar %L)lelslggsfal lg:rlig%%esg gnlIalnlccleménQ%h%a vities of

10 33.  Abacklit flat panel display comprising the brightness enhancement

film of claim 31.

34.  Aliquid crystal display comprising the backlit flat panel display of
claim 33.
15
35. A computer or television comprising the liquid crystal display of

claim 34.

36. A microstructure-bearing optical product comprising a base and an

20  optical layer, the optical layer being prepared from a polymerizable composition

comprising:
an alkyl-substituted brominated phenolic ester(meth)acrylate
monomer;
methyl styrene monomer; and
25 aromatic (meth)acrylate comonomer.

37.  The microstructure-bearing optical product of claim 36, wherein the

microstructure-bearing optical product produces a gain of at least 1.59.

30 38. A method of preparing a microreplication-bearing optical product,

comprising the steps of

——

ST i



the master; filling the cavities by noving a bead of the conposition
bet ween -a preforned base and the master, at |east one of which is flexible;

and curi nowloys/segusposi tion. 10 39. A bright ness enhancenentpdi/tise7/15863
conprising a base; and an optical |ayer prepared froma pol yneri zabl e _
conposition, the polynerizable conposition conprising an al kyl -substituted

bromnat ed phenol ¢, 16, e b BEbRAARAIH BB SRRPEnBlybBERIR0E S |
i's a straight gibst¥utddhbrathimdiéd/phenofiSester(meth)acrylate monomer, the polymerizable
composition being liquid at room temperature;
depositing the polymerizable composition onto a master negative
5  microstructured molding surface in an amount barely sufficient to fill the cavities of
the master;
filling the cavities by moving a bead of the composition between a
preformed base and the master, at least one of which is flexible; and
curing the composition.
10
39. A brightness enhancement film comprising
a base; and
an optical layer prepared from a polymerizable composition, the
polymerizable composition comprising an alkyl-substituted brominated phenolic

15  ester (meth)acrylate monomer of the general formula:

A

(0]

Bryg A

wherein x is from 1 to 4, R is -H or -CHs, and R* is a straight or branched alkyl.

—_—
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